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(54) Optical device 

(57) An optical device comprises a substrate, a 
light-emitting portion, and a plurality of light-receiving 
portions, the light-emitting portion and a plurality of 
light-receiving portions being closely laminated on the 
same substrate, wherein returned light obtained after 
light emitted from a resonator end face of the light-emit- 
ting portion has been reflected on an irradiated portion 
is received and detected near a confocal point by a plu- 



FIG. 2A 




rality of light-receiving portions. In this optical device 
such as an optical pickup, the number of optical assem- 
blies can be reduced, an alignment for disposing optical 
assemblies can be simplified, the whole of the optical 
device can be simplified and miniaturized, and a stable 
tracking servo can be effected by effectively utilizing 
advantages of a push-pull method. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to an optical device 5 
for use in receiving and detecting reflected-back light or 
returned light obtained from an irradiated portion after 
the irradiated portion of an optical recording medium 
such as an optical disk or a magneto-optica! disk has 
been irradiated with light from a light-emitting portion. to 

In optical device, e.g.. optical pickup of optical disk 
drive or magneto-optical disk drive for so-called com- 
pact disc (CD), optical assemblies such as a grating or 
beam splitter are fabricated individually so that the over- 
all arrangement of optical device becomes complicated is 
and large. Also, a very strict alignment accuracy is 
required in order to optically set the layout of the optical 
assemblies when the optical assemblies are fabricated 
on a substrate in a hybrid fashion. 

FIG. 1 of the accompanying drawings is a sche- 20 
matic view illustrative of reflection and diffraction of light 
in which incident light and reflected light are illustrated 
across a reflection point on a recording medium, e.g., 
an optical disk. As shown in FIG. 1, in an ordinary opti- 
cal pickup 80, incident light L F converged by an objec- 25 
tive lens 81 is introduced into a recording pit of an 
optical recording medium, e.g., optical disk 82, wherein 
it is reflected and diffracted to provide three spots of 
zero-th order diffracted light, + first-order diffracted light 
and - first-order diffracted light, thereby forming 30 
reflected light L R . These diffracted lights interfere with 
each other to change a light intensity of a far field pat- 
tern of the reflected light L R from the optical disk 82, 
which is used to reproduce a signal recorded on the 
optical disk. 35 

A push-pull method is known as one of tracking 
servo methods. According to the push-pull method, 
when a beam spot of incident light is displaced from a 
track or pit on a disk, a difference of light intensity 
occurs between the + first-order diffracted light and - 40 
first-order diffracted light so that the far field pattern 
becomes asymmetrical. Therefore, two detectors A snd 
B shown in FIG. 1 detect signals corresponding to the 
asymmetry of the far field pattern and a calculator cal- 
culate these signals to detect a displacement of beam 45 
spot. 

When the tracking servo signal is detected by the 
aforementioned push-pull method, optical assemblies 
should be fabricated with a high alignment accuracy 
£ ->;3 nv .gins ir. which s Icivs can bo mcweu iai=?r~,;/ or s so 
disk can be skewed are small 

There is known a three-beam spot method as a 
method of detecting a tracking servo signal. In this case, 
light should be passed through a diffraction grating 
(grating, etc.), and when recorded information is repro- 55 
duced, a light coupling efficiency obtained in detecting 
an RF (high-frequency) signal is decreased. 

When light is returned to a light-emitting portion and 
returned light is received and detected, light should be 



splitted by a beam splitter or a hologram so that an 
amount of light received at a light-receiving portion is 
decreased. 

In view of the aforesaid aspects, in order to reduce 
the number of optical assemblies, simplify the alignment 
for setting an optical layout, simplify the overall arrange- 
ment of the apparatus and to miniaturize the apparatus, 
there is propose a so-called CLC (confocal laser diode 
coupler) in which a light-emitting portion is located at 
the confocal position of a converging means such as a 
lens and a light-receiving portion is formed near the 
confocal position at which the light-emitting portion is 
disposed. 

With the above-mentioned CLC arrangement, when 
there is provided one detector, for example, a tracking 
servo cannot be achieved. When a surface emission 
laser is used as a light-emitting portion, characteristics 
and reliability of such semiconductor teser are not satis- 
factory. Furthermore, when the CLC is produced by a 
semiconductor process, an un evenness of a semicon- 
ductor substrate exerts a large influence so that the 
CLC is difficult to be manufactured. 

SUMMARY OF THE INVENTION 

In view of the aforesaid aspect, it is an object of the 
present invention to provide an optical device in which 
the number of optical assemblies can be reduced and in 
which an alignment for setting an optical layout can be 
simplified. 

It is another object of the present invention to pro- 
vide an optical device of CLC arrangement in which an 
overall arrangement of the device can be simplified and 
miniaturized. 

It is a further object of the present invention to pro- 
vide an optical device in which characteristics of a sem- 
iconductor laser are satisfactory and which can be 
easily produced by a semiconductor process. 

According to a first aspect of the present invention, 
there is provided an optical device which is comprised 
of a substrate, a light-emitting portion, and a plurality of 
light-receiving portions, the light-emitting portion and a 
plurality of light-receiving portions being closely lami- 
nated on the same substrate, wherein returned light 
obtained after light emitted from a resonator end face of 
the light-emitting portion has been reflected on an irra- 
diated portion is received and detected near a confocal 
point by a plurality of light-receiving portions. 

According to a second aspect of the present inven- 
tion, t.V.re is provided an optical device which is com- 
prised of a substrate, a first cladding layer, an active 
layer, a second dadding layer, the first dadding layer, 
the active layer and the second cladding layer being 
laminated on the substrate in that order, and a plurality 
of light-receiving elements laminated on the second 
cladding layer, wherein a plurality of light-receiving ele- 
ments are located near confocal point of light emitted 
from the active layer and a plurality of light-receiving 
elements detect a tracking servo signal. 
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In accordance with a third aspect of the present 
invention, there is provided an optical device which is 
comprised of an optical element including a light-emit- 
ting portion and a plurality of light-receiving portions 
closely laminated on the same substrate, an irradiated 5 
portion, and converging means disposed between the 
light-emitting portion and the irradiated portion , -wherein 
light emitted from the light-emitting portion is converged 
by the converging means, reflected by the irradiated 
portion, again converged by the converging means and w 
returned to the optical element and light returned to the 
optical element is introduced into the lightremitting por- 
tion of the optical element and a region including at least 
a part of the light-receiving portions. 

According to the present invention, the optical is 
device is arranged such that returned light obtained 
after light emitted from a resonator end face of the light- ■ - 
emitting portion has been reflected on an irradiated por- ■■ 1 
tion is received and detected near a confocal point by a : 
plurality of light-receiving portions laminated on the 20 
same substrate together with the light-emitting portion, 
i.e., the optical device is of a CLC (confocal laser cou- 
pler) type. At that time, since there are provided a plural- 
ity of light-receiving portions, the position at which the 
irradiated portion is irradiated with light incident on the 25 
inadiated portion, i.e., Jight emitted from the lightremit- 
ting portion can be detected (tracking servo can be 
effected). 

BRIEF DESCRIPTION OF THE DRAWINGS 30 

FIG. 1 is a schematic diagram illustrating reflection 
and diffraction of light according to an optical sys- 
tem; 

FIG. 2A is a schematic diagram showing a confocal 35 
optical system to which the present invention is 
applied; 

FIG. 2B is a diagram showing an optical device 
shown in FIG. 2A in an enlarged scale; 
FIG. 3 is a perspective view illustrating an optical 40 
device according to a first embodiment of the 
present invention; 

FIG. 4 is a perspective view illustrating a manner in 
which the optical device shown in FIG. 3 detects a 
signal; 45 
FIG. 5 is a schematic diagram illustrating reflection 
and diffraction of light in the optical system to which 
the present invention is applied; 
FIGS. 6A and 6B are schematic diagrams showing 
a rt.:'aiicvtc.; -if* between a.; irailcied position of an so 
irradiated spot on an optical disk and distributions 
of reflected light and diffracted light; 
FIG. 6C is a diagram showing a relationship 
between the position of the center of the irradiated 
spot and an output difference of a light-receiving ss 
portion; 

FIG. 7 is a schematic diagram of reflected and dif- 
fracted light from an optical disk; 
FIGS. 8A through 8L are process diagrams for 
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manufacturing the optical device shown in FIG. 3; 
FIG. 9 is a perspective view illustrative of an optical 
device according to a second embodiment of the 
present invention; 

FIG. 10 is a perspective view illustrative of an opti- 
caf device according to a third embodiment of the 
present invention; 

FIG: 11 is a process diagram of one process for 
manufacturing the optical device shown in FIG. 1 1 ; 
FIG. 12 is a perspective view illustrative of a man- 
ner in which the optical device shown in FIG. 10 
detects a signal; 

FIG. 13 is a perspective view illustrative of an opti- 
cal device according to a fourth embodiment of the 
present invention; 

FIG. 14 is a perspective view illustrative of an opti- 
cal device according to a fifth embodiment of the 
present invention; - : 

FIG. 15 is a perspective view illustrative of an opti- 
cal device according to a sixth embodiment of the 
present invention; • 

FIG - 16 is a perspective view illustrating an exam- 
ple of interconnection in the optical device accord- 
ing to the present invention; 
FIG. 17 is a perspective view illustrating a manner 
in which heights of electrodes are increased by 
electrolytic plating; 

FIG. 18 is a perspective view illustrating a manner 
in which ah electrode forming surface is formed so 
as to have a step and electrodes are deposited over 
the electrode forming surface with the step; 
FIG. 19 is a schematic diagram showing an exam- 
ple of an optical pickup to which the optical device 
according to the present invention is applied; 
FIG. 20A is a schematic perspective view illustrat- 
ing a manner in which the optical device according 
to the present invention is applied to a laser diode 
coupler; 

FIG.20B is a plan view illustrating a quadrant pho- 
todiode shown in FIG. 20 A in an enlarged scale; 
and 

FIG. 21 is a perspective view illustrating a laser light 
source portion of the laser diode coupler shown in 
FIG. 20A in an enlarged scale. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention will now be described with 
reference to t\c drawings. 

An optical device according to the present invention 
may be applied to the aforementioned CLC arrange- 
ment in which a light-receiving portion is formed just 
above or just under a light-emitting portion formed of a 
semiconductor laser for detecting a tracking servo sig- 
nal by a push-pull method. 

Initially, the manner in which the present invention 
is applied to an optical system, i.e., confocal optical sys- 
tem of an optical pickup for reading recorded infer ma- 
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tion from a recording medium, e.g., optical disk will be 
describ d. 

FIG. 2A is a schematic diagram showing a corrfocal 
optical system to which the pres rtt invention is applied. 
An optical system, generally depicted by reference 5 
numeral 1 in FIG. 2A, comprises a converging means 3 
such as an objective lens, a light-emitting portion 4 
formed of a semiconductor laser LD and a light-receiv- 
ing portion 5 such as a photodiode PD. As shown in 
FIG. 2A, the light-emitting portion 4 and the light-receiv- 10 
ing portion 5 are monoWhically laminated on the same 
semiconductor substrate, thereby an optical device 10 
being formed. 

Light Lp from the light-emitting portion 4 is con- 
v rged and irradiated on an irradiated portion 2 such as is 
an optical disk by the converging means 3. Returned 
light (ref lected-back light) Lr from the irradiated portion 
2 travels through the same light path before and after it 
is reflected at the irradiated portion 2, i.e., the light path 
of the same optical axis as that of the emitted tight Lp is so 
converged again by the converging means 3 and 
received at the light-receiving portion 5. The light- 
receiving portion 5 is disposed near the corrfocal posi- 
tion concerning the returned light L R returned from the 
irradiated portion 2 through the converging means 3. ss 

The returned light L R is converged in the vicinity o* 
light diffraction limit (i.e., diffraction limit of lens) by the 
converging means 3. The light -receiving portion 5 is dis- 
posed such that a part of light-receiving surface is 
located within this light diffraction limit, i.e., a distance 30 
from the optical axis of the emitted light L F from the 
light-emitting portion 4 falls within 0.61 A/NA of 1/2 of 
1 .22X/NA which is a light diffraction limit where X repre- 
sents the wavelength of the light emitted from the light- 
emitting portion 4 and NA represents the numerical 35 
aperture of the converging means 3, resulting in the 
aforementioned CLC arrangement being formed. 

FIG. 2B illustrates the optical device 10 shown in 
FIG. 2A in an enlarged scale. In FIG. 2B. a diameter 0 S 
of the emitted light L F received on the light-receiving 40 
surface of ttie light-receiving portion 5 from the light- 
emitting portion 4 is smaller than a diameter 0 d , 
whereby the effective light-receiving surface of the light- 
receiving portion 5 is located outside the diameter 0 S of 
the emitted light Lf 45 

If a semiconductor laser is used as a light source for 
the light-emittjng portion 4, then the diameter 0 S of the 
emitted light can fall within a range of from about 1 to 2 
urn. If the numerical aperture NA of the converging 
moans 3, for example, ranges from 0.09 to 0.1 r.ud tho so 
wavelength X of the emitted light is about 780 nm, then 
a distance (0J2) from the optical axis of the emitted 
light L F in the diffraction limit becomes about 0.61WNA 
= 5 jim. 

The optical device according to the present inven- 55 
tion can detect a tracking servo signal by a plurality of 
light-receiving portions 5 located near the confocat posi- 
tion according to the push-pull method as will be 
described later on. 



An optical device according to a first embodiment 
will be described. 

FIG. 3 is a perspective view illustrating an optical 
device according to a first embodiment (hereinafter 
referred to as "inventive example 1") according to the 
present invention. 

In this embodiment a light-receiving portion is lam- 
inated just above a light-emitting portion. 

A first cladding layer, an active layer and a second 
cladding layer are laminated on a substrate, in that 
order. A plurality of light-receiving devices are laminated 
on the second cladding layer and these light-receiving 
devices are located near the corrfocal position of light 
emitted from the active layer thereby to detect a tracking 
servo signal. 

This optical device indudes the optical element 10 
of the optical device with the corrfocal optical system 
shown in FIGS. 2 A and 2B formed thereon, and the opti- 
cal element 10 includes a substrate 11 on which there 
are laminated a light-emitting portion 4 formed of a sem- 
iconductor laser LD having a resonator length direction 
in the direction along the substrate surface and a light- 
receiving portion 5 composed of two photodiodes PD 
(PD 1p PD 2 ) formed just over the light-emitting portion 4. 

The optical element 10 includes a first conductivity- 
type, e.g., n-type GaAs substrate 1 1 heavily-doped with 
impurity whose major surface is (100) crystal plane on 
which an n-type GaAs buffer layer 12. a n-typs AJGaAs 
first cladding layer 13, an i-type GaAs (intrinsic GaAs) 
active layer 14, a second corKluctivity-type, i.e., p-t>pe 
AIGaAs second cladding layer 15 and a second conduc- 
tivity-type, i.e., p-type GaAs capping layer 1 6 are epitax- 
ially deposited by a proper method such as MOCVD 
(metal organic chemical vapor deposition). 

A first <xmductivity-type, e.g., n-type GaAs current 
confinement layer 17 is formed on the second cladding 
layer 15, thereby forming the light-emitting portion 4, 
i.e., the semiconductor laser LD having a slab- 
waveguide horizontal resonator. 

The two light-receiving portions 5, i.e.. PIN^ype 
photodiodes PD (PD^ PD 2 ) composed of a second con- 
ductivity-type, i.e., p-type GaAs first semiconductor 
layer 19, an i-type GaAs second semiconductor layer 20 
and a first conductivity-type, i.e., n-type GaAs third sem- 
iconductor layer 21 are eprtaxially deposited just above 
the semiconductor laser LD through a p-type GaAs 
light-absorption layer 18 heavily-doped with impurity for 
absorbing direct light from the semiconductor laser LD 
in such a manner that a pin junction surface is not only 
in parailoi to the horizontal resonator direction of the 
semiconductor laser LD but is perpendicular to the res- 
onator end face, thereby the optical element being 
formed. Surfaces in which the photodiodes PD-|, PD 2 
oppose the resonator end face become the light-receiv- 
ing surfaces. 

The light-absorption layer 18 has a bandgap equal 
to or smaller than that of the active layer 15 and blocks 
light other than returnedjight thereby to prevent a cross- 
talk from being caused between the semiconductor 
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laser LD and the photodiode PD. 

The light-absorption layer 18 and the semiconduc- 
tor layers 19 to 21 of the light-receiving portion 5 are 
formed on the semiconductor laser LD of the light-emit- 
ting portion 4 except a part of the semiconductor laser 
LD. A p-side electrode 22 serving as both p-side elec- 
trode of the semiconductor laser LD and a p-side elec- 
trode of the photodiode PD is formed on the 
semiconductor laser LD at its left surface covering a 
part of the surface of the semiconductor laser LD: On 
the other hand, n-side electrodes 231 , 232 of the photo- 
diodes PDl PD 2 are formed on the third semiconductor 
layer 21 and an n-side electrode 23 of the semiconduc- 
tor laser LD is formed on the lower surface of trie semi- 
conductor substrate 11. 

A groove 25 is formed at the center of the first sem- 
iconductor layer 19, the second semiconductor layer 20 
and the third semiconductor layer 21 constructing the 
light-receiving portion 5 by a suitable method such as 
etching, and the groove 25 divides the light receiving 
portion 5 to provide the two photodiodes PD^ PD 2 . 

Accordingly, the two photodiodes PD^ and PD 2 are 
disposed in parallel to each other such that the pin junc- 
tion end faces thereof are opposed to the resonator end 
face of the semiconductor laser LD. 

The returned light Lr is converged near the light dif- 
fraction limit by the converging means 3 and the light- 
receiving portion 5 is disposed such that at least apart 
of the light-receiving surface of the photodiodes PDl 
PD 2 is iocaied at the position within the light dint action 
limit 

The manner in which the tracking signal is detected 
in this optical device will be described. 

As shown in FIG. 4, laser beam is emitted from the 
semiconductor laser LD of the light-emitting portion 4 
and the emitted tight Lp generates the returned light L R 
from the irradiated portion 2. The returned light L R is 
received by the bisectioned photodiodes PD 1 and PD 2 
constructing the light-receiving portion 5. 

Then, a differential amplifier 40, for example, 
detects a tracking servo signal by use of the signals 
received at these photodiodes PD 1 and PD 2 according 
to the push-pull method. 

A manner in which the confocal optical system 
detects the tracking servo signal by the push-pull 
method will be described below. 

FIG. 5 is a schematic diagram showing a light path 
in which a light path of incident light and a light path of 
reflected light are disposed across a reflection point on 
e rc cordis-...} moo. urn, e.g., of.lics-.i disk. As shewn in I-'i X 
5. in an optical pickup 70 to which the present invention 
is applied, incident light L F converged through an objec- 
tive lens 71 is introduced into a recording pit of an opti- 
cal recording medium, e.g., optical disk 72, whereafter it 
is reflected and diffracted to provide zero-th order dif- 
fracted light, + first-order diffracted light and - first-order 
diffracted light thereby forming reflected light L R simi- 
larly to FIG. 1 . These diffracted lights interfere with each 
other to change a light intensity of a far field pattern 



based on the reflected light Lr returned from the optical 
disk 72. 

This optical device includes a plurality of detectors 
similarly to FIG. 1, e.g., the detector A and the detector 

5 B. These detectors A and B are disposed at the focal 
position in which the reflected light L R is converged and 
focused by the converging means such as the objective 
lens 7i, i.e. near the confocal, thereby forming the con- 
focal optical system as shown in FK3. 5. 

10 As compared with the case shown in FIG. 1, beam 
spots of the reflected light L^ irradiated on the detectors 
A and B are converged and made small so that the 
tracking servo signal can be detected by smaller detec- 
tors. ' ' * 

is The push-pull method detects the tracking servo 
signal by generating light, reflected and diffracted by the 
tracking ; guide groove on the optical disk at its irradiated 
portion as an output difference from the two light-receiv- 
ing portions oh the bisectioned photodiodes PD dis- 

20 posed symmetrically. 

FIGS. 6A and 6B schematically show a relationship 

' between the position of the irradiated spot on the optical 
disk arid a distribution of reflected and diffracted light. 
When the center of the irradiated spot and the center of 

25 the guide groove (groove portion) agree with each other, 
as shown in FIG. 6A, there can be obtained a symmet- 
rical reflected and diffracted light distribution wherein 
intensities of lights received at the two photodiodes PD 
(C, D) agree with each other (G = D). When the center 

so of the irradiated spot arid an intermediate portion 
between the guide grooves agree with each other, simi- 
larly to FK3. ; 6A, there can be obtained a symmetrical 
reflected and diffracted light distribution wherein intensi- 
ties of lights received by the two PDs are coincident with 

35 each other. On the other hand, as shown in FIG 6B, 
when the center of the irradiated 1 spot is not coincident 
with the center of the groove portion and the land por- 
- tion, there 1 is obtained an asymmetrical diffracted light 
distribution wherein intensities of lights received at the 

40 two photodiodes PD (C, D) are not coincident with each 
other. '' 

As a result, as shown by the relationship between 
the position of the center of the irradiated spot and the 
output difference between the light-receiving portions in 

45 FIG. 6C, the difference between the outputs from the 
two light-receiving portions when the irradiated spot 
crosses the track becomes an S-like curve. 

The above-mentioned detection operation will be 
described more in detail with reference to FIG. 7 which 

so rs £ sci .erratic diagram showing reflected and diffracted 
light from an optical disk. When a track pitch P becomes 
equal to a beam spot in size, the guide groove looks like 
the diffraction grating. Specifically, at that time, phases 
of lights are overlapped in the direction in which 

55 Psine = NX (N is an integer), resulting in a light intensity 
being increased. Specifically, in the region in which the 
zero-th order diffracted light, the + first-order diffracted 
light and the - first-order diffracted light are overlapped, 
the intensity distribution of beam spot is changed due to 
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interference effect caused by the displacement of track. 
Therefore, if the detectors comprising the bisectioned 
photodiodes PD are disposed in the above-mentioned 
region to detect a difference between outputs from 
these detectors, then it is possible to detect the tracking 5 
servo signal. At that time, the intensity of the tracking 
servo signal becomes highest when the depth of the 
guide groove is A/8n. When the depth of the guide 
groove is a/4n, interfering diffracted lights are canceled 
each other out so that the intensity becomes zero. 10 

The optical device according to the inventive exam- 
ple 1 uses the differential amplifier 40 to generate a dif- 
ference signal of a signal from the photodiode PD, and 
a signal from the photodiode PD 2 , i.e., a signal (PD 2 - 
PD1) as a tracking servo detecting signal. is 

Furthermore, it is possible to read information 
recorded on the optical disk, i.e., to detect the RF signal 
by use of an added signal of signals from the two photo- 
diodes PD, and PD 2 , e.g., (PD, + PD2) as a detected 
signal. so 

A method of manufacturing the optical device 
according to the inventive example 1 will be described. 

As shown in FIG. 8A, there is prepared a first con- 
ductivity-type, e.g., n-type GaAs semiconductor sub- 
strate 11 heavily-doped with impurity whose major ss 
surface is {100} crystalline surface. On this semiconduc- 
tor substrate 1 1 , there are epitaxially deposits semi- 
conductor layers constructing a semiconductor laser 
LD. Specifically, there are formed laminated semicon- 
ductor layers in which an n-type GaAs buffer layer 12 30 
which is the sane conductivity type as that of the semi- 
conductor substrate 11, an n-type AIGaAs first cladding 
layer 13, an AIGaAs active layer 14. a second conduc- 
tivity-type different from that of the first cladding layer 
13, i.e., p-type AIGaAs second cladding layer 1 5 and a 35 
second conductivity-type, i.e., p-type GaAs capping 
layer 16 are epitaxially deposited in that order by 
MOCVD or the like. 

As shown in FIG. 8B, an Si0 2 insulating film 35 is 
formed on the whole surface of the laminated semicon- 40 
ductor layers thus epitaxially deposited. 

Thereafter, as shown in FIG. 8C. a part of the insu- 
lating film 35 is etched as a stripe-like pattern by a suit- 
able method such as photolithography. 

As shown in FIG. 8D, the stripe-shaped pattern of 45 
the insulating film 35 is used as a mask and the stripe- 
shaped pattern is transferred to a part of the capping 
layer 16 and the second cladding layer 15 by wet-etch- 
ing. 

Then, as snown in FIG. 8E, a f irst conauetivity-iypo, so 
i.e., n-type highly-doped GaAs current confinement 
layer 1 7 is selectively deposited on the second cladding 
layer 15 thus etched-off. 

As shown in FIG. 8F, the insulating f ilm 35 used as 
the mask is removed. Further, protruded portions on the ss 
surface of the current confinement layer 1 7 are flattened 
by penalization. Incidentally, this planarization for the 
protruded portions may be omitted. 

Thereafter, a second conductivity-type, e.g., p-type 



heavily-doped impurity is diffused on the capping layer 
16 and the second cladding layer 15 forming the stripe, 
if necessary. 

This impurity diffusion may be carried out after the 
laminated layer was formed in FIG. 8A. 

Then, as shown in FIG. 8G. an Si0 2 insulating film 
24 which will serve as a selective-growth mask of the 
light-receiving portion 5 is formed on the whole surface. 

Further, as shown in FIG. 8H. the insulating fHm 24 
is removed from the light-receiving portion 5 at its por- 
tion where the selective-growth is carried out. At that 
time, the portion masked by the insulating film 24 is the 
region in which the semiconductor layers constructing 
the light-receiving portion 5 are not selectively depos- 
ited in order to form the p-side electrode of the semicon- 
ductor laser LD of the light-emitting portion 4. 

Then, as shown in FIG. 81, a second conductivity- 
type, i.e., p-type heavHy-doped GaAs light-absorption 
layer 18, a second axriuctrvfty-type, i.e., p-type GaAs 
first semiconductor layer 19, an i-type GaAs second 
semiconductor layer 20 and a first conductivity-type, 
i.e., n-type GaAs third semiconductor layer 21 are epi- 
taxially deposited, thereby resulting in the light-receiv- 
ing portion 5 formed of the photodiode PD being 
formed. 

As shown in FIG. 8J, a groove 25 for dividing the 
photodiode by half is formed on a part of the third sem- 
iconductor layer 21 , the second semiconductor layer 20 
and the first semiconductor layer 19 by etching. The 
groove 25 is located at the center of the light- receiving 
portion 5 and directed in parallel to the stripe pattern, 
thereby the photodiode being divided into the photocS- 
cdesPD,, PD 2 . 

Then, as shown in FIG. 8K, the insulating film 24 
serving as the selective growth mask is removed at its 
portion on the stripe pattern to form a contact-hole 36. 

As shown in FIG. 8L, a p-side electrode 22 made of 
Ti/Pt/Au is formed on the contact-hole 36 and the insu- 
lating film 24 by vapor deposition; Also, n-side elec- 
trodes 231 , 232 made of AuGe/Ni/Au are formed on the 
third semiconductor layer 21 of the photodiodes PD,, 
PD 2 . 

Finally, the semiconductor substrate 11 is made 
thin by lapping and an n-side electrode 23 of the semi- 
conductor laser LD made of AuGe/Ni/Au is formed on 
the rear surface of the semiconductor substrate 11 by 
vapor deposition. Then, the p-side electrode 22 and the 
n-side electrodes 23, 231 , 232 are alloyed by heat treat- 
ment. 

As described above, there can be formed the opti- 
cal element 10 which comprising the optical device 
according to the present invention. 

The optical device according to the present inven- 
tion can provide a large margin for lens displacement 
and disk warp and disk skew compared with the con- 
ventional optical device. Therefore, the optical device 
according to the present invention can stably and accu- 
rately detect various signals such as the tracking servo 
signal and the RF signal which results from reading 
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information recorded on the optical disk. 

According to the present invention, since the light- 
etnitting portion and the light-receiving portion are 
formed on the same semiconductor substrate, the 
whole of the optical pickup can be reduced in size. s 

Since the returned light from the irradiated portion 
travels along the same light path as that of the emitted 
light, tiie alignment of optical assemblies can be 
adjusted with ease. Moreover, a ratio of light returned to 
the light-receiving portion can be increased. w 

Further, since the optical device according to the 
present invention can enlarge the margin for the lens 
displacement and the lens warp and lens skew, the opti- 
cal device according to the present invention can detect 
the tracking servo signal stably. is 

Since the end face of the semiconductor laser LD 
and the light-receiving surface of the photodiode PD 
can be formed by cleavages, the semiconductor laser 
need not be formed as a so-called surface-emission 
semiconductor laser. 20 

Since the p-side electrode 22 which is common to 
the semiconductor laser LD and the photodiode PD is 
formed on the light-absorption layer 18 in the inventive 
example 1 , the light-absorption layer 1 8 and the bound- 
ary layer on which the p-side electrode common to the zs 
semiconductor laser LD and the photodiode PD may be 
formed as different layers and laminated with each 
other. 

The groove 25 for dividing the photodiode PD can 
easily be formed by a manufacturing process on the fiat 30 
surface. 

Further, instead of the groove 25, the photodiode 
PD can be divided by a diffusion layer and an ion- 
implanted layer. 

While the light-receiving portion is formed just 35 
above the light-emitting portion and the light-absorption 
layer is disposed between the light-receiving portion 
and the light-emitting portion in the inventive example 1 , 
the present invention is not limited thereto and a layer 
for carrying out light-absorption and current-blocking 40 
may be disposed between the light-emitting portion and 
the light-receiving portion, which example will be 
described below with reference to FIG. 9. 

FIQ. 9 is a perspective view illustrating other exam- 
ple (hereinafter referred to as "inventive example 2") of 45 
the optical device according to the present invention. 

In the inventive example 2, instead of the light- 
absorption layer 18 in the optical element 10 according 
to the inventive example 1, there is provided a light- 
f.ftsotpaorv ariw o.-, : •foi-octorvrj it fyn.-sed of a so 
laminated layer of n-type and p-type GaAs layers. The 
light-receiving portion 5 of two PIN-type photodiodes 
PD (PDl PD 2 ) is formed on the light-absorption and 
current-blocking layer 26. 

Specifically, a PIN-type photodiode is formed on the 55 
semiconductor laser LD with the structure similar to that 
of the inventive example 1 through the light-absorption 
and current-blocking layer 26. 

In the inventive example 2 shown in FIG. 9, pro- 



truded portions of the current confinement layer 17 on 
the upper surface of the semiconductor laser LD are left 
as they are. Accordingly, protrusions are protruded on 
the surface of the insulating layer 24 serving as the 
selective growth mask. 

Further, conductivity types of the semiconductor 
layers comiposing the photodiode PD of the light-receiv- 
ing portion 5 are opposite to those of the inventive 
example 1. The first conductivrty-type, i.e., n-type first 
semiconductor layer 27, i-type second semiconductor 
layer 28 and a second conductivity-type, i.e., p-type 
third semiconductor layer 29 constitute the photodiode 
PD. 

In the case of FIG. 9, respective electrodes of the 
light-emitting portion 4 are located in the same manner 
as that of FIG. 3. In the electrode of the light-receiving 
portion 5, by two steps of selective growth or etching 
after epitaxial deposition, the first semiconductor layer 
27 has- a difference in level where an n-side electrode 
233 is formed and p-side electrodes 221 and 222 are 
disposed on the third semiconductor layer 29. In FIG. 9, 
reference numerals 22 and 23 denote p-side electrode 
and n-side electrode of the semiconductor laser LD, 233 
denotes an n-type electrode common to the photodi- 
odes PD1, PD 2 and 221 and 222 denote p-type elec- 
trodes of the photodiodes PD 1 , PD 2 , respectively. 

The iKjht-absorpiion and currant-block:.- g layer 26 
is formed of GaAs layer of pn structure and pnp struc- 
ture or laminated layers comprising GaAs layers of pn 
structure and pnp structure. In addition, the light- 
absorption and current-blocking layer 26 may be formed 
of a material having a large bandgap, a superlattice 
layer or n-type or p-type heavily-doped layer serving as 
a carrier-killer layer or an SI (Semi-Insulator). 

A rest of arrangement is similar to that of the inven- 
tive example 1 . In FIG. 9, like elements and parts corre- 
sponding to those of the inventive example 1 are 
marked with the same references and therefore need 
not be described in detail. 

The optical device according to the inventive exam- 
ple 2 can obtain the tracking servo signal stably and 
achieve effects similar to those of the inventive example 
1. 

Further, according to the inventive example 2, since 
the light-emitting portion 4 and the light-receiving por- 
tion 5 are electrically separated from each other by the 
light-absorption and current-blocking layer 26, the p- 
side electrodes and the n-side electrodes of the light- 
emitting portion 4 and the light-receiving portion 5 can 
t>; forn'c i ir.ospende.iSy. 

While the light-receiving surface of the photodiode 
PD is formed by the end face of the laminated film, e.g., 
cleavage surface or the like and flush with the end face 
of the semiconductor laser LD in the inventive example 
1, the light-receiving surface of the photodiode PD may 
be formed as a surface oblique to the end face of the 
semiconductor laser LD. An example in which a specific 
crystal plane is used as a light-receiving surface of a 
photodiode will be described with reference to FIG. 10. 
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FIG. 10 is a perspective view illustrating other 
example (hereinafter referred to as "inventive example 
3") of the optical device according to the present inven- 
tion. In the inventive example 3, the light-receiving sur- 
faces of the two photodiodes composing the light- 
receiving portion 5 are formed as specific crystal planes 
of the semiconductor layer. 

As shown in FIG. 10, on the light-emitting portion 4 
formed of the semiconductor laser LD with the arrange- 
ment similar to that of the inventive example 1 shown in 
FIG. 3 are formed a second conductivrty-type, i.e., p- 
type heavily-doped GaAs light-absorption layer 18, a 
second conductivity-type, i.e., p-type GaAs first semi- 
conductor layer 30 and a first conductivity-type, i.e., n- 
type GaAs second semiconductor layer 31 by the selec- 
tive growth using insulating layers 24 and 24A as 
masks. A (1 1 1) or (1 10) crystal plane is formed on the. 
second semiconductor layer 31 at the resonator end 
face of the semiconductor laser LD on the light-emitting 
portion 4 such that the (111) or (110) crystal plan* 
become obfique to the resonator end face. This crystal 
plane is used as the light-receiving surface of the photo- 
diodes PD (PDt . PD 2 ). 

The manufacturing process of this optical device 
adopts processes similar to those of the inventive exam- 
ple 1 shown in FIGS. 8A through 8L. In the process in 
which the selective growth mask is formed by the insu- 
lating film 24 as shewn in FIG. 8H in the inventive exam- 
ple 1 , a long mask is formed by the insulating film 24A 
on the end face side of the semiconductor laser LD as 
shown in FIG. 11. By this long insulating film 24A. the 
first semiconductor layer 30 and the second semicon- 
ductor layer 31 are selectively deposited on the resona- 
tor end face such that the (1 1 1) or (1 1 0) crystal plane is 
disposed on the light-receiving surface. 

A rest of arrangement is the same as that of the 
inventive example 1. Accordingly, in the inventive exam- 
ple 3, like elements and parts corresponding to those of 
the inventive example 1 are marked with the same refer- 
ences and therefore need not be described in detail. 

In the inventive example 3, a signal can be detected 
in a manner similar to that of the inventive example 1 
shown in FIG. 4. Specifically, as shown in FIG. 12, laser 
beam is emitted from the semiconductor laser LD of the 
light-emitting portion 4. Emitted light L F generates the 
returned light Lr from the irradiated portion 2 as men- 
tioned before. Then, the returned light L R is received by 
the photodiodes PD, and PD 2 composing the light- 
receiving portion 5. 

"in en, a differential anplh'ier 40 detects a uacijr.g 
servo signal based on a difference signal of (PD 2 - PD t ) 
serving as a detecting signal according to the push-pull 
method by use of signals received at these photodiodes 
PD 1 and PD 2 . 

The optical device according to the inventive exam- 
ple 3 can obtain a tracking servo signal stably and 
achieve effects similar to those of the optical device 
according to the inventive example 1. 

Further, in the inventive example 3, since the light- 



receiving surface is formed with the inclination relative 
to the resonator end face, the returned light L R is intro- 
duced obliquely and a light-receiving area can be 
increased. 

5 In the case of the inventive example 3, the pn junc- 
tion composing the photodiode PD may be formed by a 
growth of continuous laminated layer as shown in FIG. 
10 or may be formed by diffusion of impurity after the 
crysta! was grown on the first semiconductor layer. 

10 When the photodiodes PD^ and PD 2 are formed by dif- 
fusion, the light-receiving surface is not limited to the 
specific crystal plane and can be formed by the etching 
surface. 

Further, the photodiode PD may be formed as a 

t5 PIN-type having a pin coupling. 

FIG. 13 is a perspective view illustrating a further 
example (hereinafter referred to as "inventive example 
4") of the optical device according to the present inven- 
tion. In the inventive example 4, the light-absorption and 

20 current-blocking layer 26 according to the iwentive 
example 2 shown in FIG. 9 is provided in the structure 
of the inventive example 3 shown in FIG. 10. 

As shown in FIG. 13, on the semiconductor laser 
LD with the same structure as that of the inventive 

25 example 3 are formed a GaAs light-absorption and cur- 
rent-blocking layer 26 w'rth the pn structure, a first con- 
ductivity-type, i.e., n-type GaAs fiist semiconductor 
layer 33 and a second corduclivity-type, i.e., p-t>pe 
GaAs second semiconductor layer 34 by the selective 

so growth using the insulating films 24 and 24A as mas! ,s. 
A (1 1 1 ) or (1 1 0) crystal plane is obliquely formed on the 
resonator end face of the semiconductor laser LD of the 
light-emitting portion 4. 

In this case, the conductivity types of the respective 

35 semiconductor layers composing the photodiodes PD(. 
PD 2 become opposite to those of the inventive example 
3. 

In this inventive example 4, the n-type first semicon- 
ductor layer 33 is exposed by selectively etching the 

40 central portion including the two photodiodes PD, and 
PD 2 . The n-side electrode 233 common to the two pho- 
todiodes PD^ PD 2 is formed on the first semiconductor 
layer 33 and p-side electrodes 221 , 222 of the photodi- 
odes PD V PD 2 are formed on the p-type second semi- 

45 conductor layer 34. Specifically, simaarly to the inventive 
example 2, the p-side electrodes and the n-side elec- 
trodes of the light-emitting portion 4 and the light-receiv- 
ing portion 5 can be formed independently. 

A rest of the arrangement is the same as that of the 

so inventive example 1 or 3. Accordingly, in the invenfcve 
example 4, like elements and parts corresponding to 
those of the inventive examples 1 and 3 are marked with 
the same references and therefore need not be 
described in detail. 

55 The optical device according to the inventive exam- 
ple 4 can obtain the tracking servo signal stably and 
achieve effects similar to those of the optical device 
according to the inverrdye example 1 . 

FIG. 14 is a perspective view illustrating a further 
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example (hereinafter referred to as "inventive example 
5") of the optical device according to the present inven- 
tion. In the inventive example 5, a current confinement 
layer and the photodiode of the semiconductor laser LD 
are continuously formed by selective growth with the 5 
same mask. 

In the inventive example 5, after a semiconductor 
laser LD with the saine structure as that of the inventive 
example 1 was formed, a GaAS light-absorption, and 
current-blocking layer 26 with a pn structure, a first con- 
ductivity-type, i.e., n-type GaAs first semiconductor 
layer 27. i-type GaAs second semiconductor layer 28 
and a second conductivity-type, e.g., p-type GaAs third 
semiconductor layer 29 are sequentially and selectively 
deposited on both sides by using the mask 35 that was 
used to form the current confinement layer 17, thereby 
forming two PIN-type photodiodes PDi , PD 2 . - 

Further, n-side electrodes 231 and 232 of the pho- 
todiodes, PD-, and P0. 2 are formed on the step which 
was formed on the n-type first semiconductor layer 27 
by etching or selective growth of two stages. On the 
third semiconductor layer 29 are formed p-side elec- 
trodes 221 and 222 of the photodiodes PD, and PD 2 ^ •• 

The p-side electrode 22 of the semiconductor laser i 
LD was etched off up to the light-absorption and cur- 25 
rent-blocking layer 26. Then, after the insulating film 24 
was formed on the etched-off portion, the p-side'eiec- 
trode 22 is formed on the insulating film 24 through a 
contact hole (not shown) defined on the insulating film 
24. . 30 

A rest of arrangement is similar to those of the 
inventive examples 1 to 4. Accordingly, in the inventive 
example 5, like elements and parts corresponding to 
those of the inventive examples 1 to 4 are marked with 
the same references and therefore need not be 35 
described in detail. 

The optical device according to the inventive exam- 
ple 5 can obtain a tracking servo signal stably and 
achieve effects similar to those of the optical device 
according to the inventive example 1 . 40 

According to the inventive example 5, electrodes of 
the semiconductor laser LD and the photodiode PD are 
formed independently. 

Further, according to the inventive example 5, the 
number of selective growth can be decreased and the 45 
separation of the photodiodes can be made in a self- 
alignment by the mask. 

While the photcdiode PD is formed just above the 
semiconductor laser LD in the inventive example 1, the 
phct'xiicdto FT .;ar; be fo.rr.vd pst bcr.v«t.i the semi- so 
conductor laser LD. 

FIG. 15 is a perspective view illustrating a further 
example (hereinafter referred to as "inventive example 
6') off the optical device according to the present inven- 
tion. In this inventive example 6, the light-receiving por- 55 
tion 5 is formed just beneath the light-emitting portion 4, 
and the photodiode PD of the light-receiving portion 4 is 
of the structure such that a p-type semiconductor layer 
41 is sandwiched by n-type semiconductor layers 42. 



In this optical device, a first conductivity-type, i.e.. 
n-type GaAs buffer layer 12 is formed on a first conduc- 
tivity-type, e.g., n-type heavily-doped GaAs semicon- 
ductor substrate 1 1 and the photodiode PD is formed on 
the buffer layer 12 such that the p-type semiconductor 
layer 41 is sandwiched by the n-type semiconductor lay- 
ers 42. The central portion of the p-type semiconductor 
layer 41 is replaced with the n-type semiconductor layer 
42 in a stripe fashion, thereby forming two photodiodes 
PD,, PD 2 right and left 

Then, a •first conductivity-type, i.e., n-type cladding 
layer 13, an active layer 13, a second conductivity-type, 
i.e., p-type cladding layer 15, a second conductrvfry- 
type, i.e„ p-type capping layer 16 and a current confine- 
ment layer 1 7 are formed on the photodiode PD through 
the light-absorption and current-blocking layer 26, 
thereby resulting in the semiconductor laser LD with a 
structure similar to that of the inventive example 1 . 

A p-side electrode 22 of the semiconductor laser 
LD is formed on the semiconductor laser LD. 

Ann-side electrode 23 of the semiconductor laser 
LD is formed on a step which was formed by etching a 
part of the semiconductor laser LD structure to the n- 
type cladding layer 13. 

The p-side electrodes 221, 222 of the photodiodes 
PD,, PD 2 are formed by etching a part of the semicon- 
ductor laser LD structure up to the p-type semiconduc- 
tor layer 41. In FIG. 15, the p-side electrode 221 of the 
photodiode PD t is formed on the photodiode PD1 at its 
side hidden.' 

An n-side electrode 233 common to the photodi- 
odes PD 1f PD 2 is formed on the rear surface of the sem- 
iconductor substrate 11. 

A rest of arrangement in the inventive example 6 is 
the same as those of the inventive examples 1 to 4. 
Accordingly, in the inventive example 6, like elements 
and parts-corresponding to those of these inventive 
examples 1 to 4 are marked with the same references 
and therefore need not be described in detail. 

• Since -the p-type semiconductor layer 41 is sand- 
wiched by the n-type semiconductor layers 42. the pn 
junction can be increased and hence, the light-receiving 
area can be increased. 

The optical device according to the inventive exam- 
ple 6 can obtain a tracking servo signal stably and 
achieve effects similar to those of the optical device 
according to the inventive example 1 . 

Further, in the inventive example 6, the photodiode 
PD need not be separated by forming the groove 25 
unlike other in--, active- examples. 

In this case, the photodiode PD may be formed and 
separated in such a fashion that the p-type semiconduc- 
tor layer 41 is formed within the n-type semiconductor 
layer 42 except the central portion by selective diffusion. 
Also, after the p-type semiconductor layer 41 was epi- 
taxially deposited on the n-type semiconductor layer 42, 
the photodiode PD may be separated by removing the 
central portion of the. p-type semiconductor layer 41 by 
etching. 
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According to the arrangement of the inventive 
example 6, the PIN photodiode can be made by insert- 
ing the i-type semiconductor layer between the p-type 
semiconductor layer 41 and the n-type semiconductor 
layer 42. 

While the light-receiving portion 5 is formed just 
above or just under the light-emitting portion 4 as 
described above, the present invention is not limited 
thereto and two light-receiving portions 5 composed of 
the photodiodes PD may be formed just above and just 
under the light-emitting portion 4. 

In this case, since a plurality of photodiodes are 
formed in the upper and lower direction, the photodiode 
PD need not be separated like the inventive exampte 6. 

In this case, since the two photodiodes PD.,, PD 2 
ar formed on the upper and lower portions of the light- 
emitting portion 4, the upper and lower photodiodes 
PD 1 and PD 2 can detect a tracking servo signal accord- 
ing to the push-pull method. That is, the photodiodes 
PD located just above and under the light-emitting por- 
tion 4 are respectively used as the photodiodes P0 1 
and PD 2 and it is possible to detect a tracking servo sig- 
nal by using the signal (PD 2 - PD^ as the detecting sig- 
nal bas don the push-pull method. 

A track interval of an optical recording medium 
which serves as the irradiated portion is narrowed as 
the recording density increases. At that time, in order to 
prevent a crosstalk from taking place between adjacent 
tracks, it is frequently observed that the tracking servo 
should be carried out on the upper and lower portions of 
the active layer 15 of the semiconductor laser LD. Also 
in this case, if the optical device according to the 
present invention is applied, then it is possible to accu- 
rately detect a tracking servo signal based on the push- 
pull method. 

If the optical element 10 is arranged as in the 
above-mentioned inventive examples, then the spacing 
between the light-emitting portion 4 and the light-receiv- 
ing portion 5 can be made less than several microme- 
ters and hence the light-receiving portion can be 
provided within the diffraction limit of the returned light 
Lr- 

A manner in which the present invention is applied 
to the optical device in actual practice will be described 
below. 

The optical device according to the present inven- 
tion can be mounted in a so-called junction-up fashion, 
i.e., in the junction of the form of the heat-sink/com- 
pound semiconductor substrate/semiconductor laser 
from ihe bouom, in that order. 

Further, from a standpoint of heat-radiation prop- 
erty, the optical device according to the present inven- 
tion can be mounted on a silicon substrate or the like 
serving as the heat-sink in a so-called junction-down 
fashion, i.e., in the junction of the form of the heat- 
sink/semiconductor laser/compound semiconductor 
substrate from the bottom, in that order. Also, there can 
be made a so-called LOP in which a rear-monitor PD is 
fabricated on a silicon substrate which serves as a sub- 



mount. 

An example of connection in this optical device to 
which the LOP is applied will be described with refer- 
ence to FIG. 16. 

s Respective terminals in FIG. 1 6 are disposed when 
the semiconductor laser LD and the photodiode PD 
share one electrode, e.g., p-side electrode as in the pre- 
ceding inventive examples 1 and 3. 

As shown in FIG. 16. on a silicon substrate 48 in 

w which a monitor photodiode PD M for adjusting a laser 
output are disposed a terminal T roi for photodiode 
PDl a terminal T PD 2 for photodiode PD 2 , a terminal 
T LP c serving as a common electrode for the semicon- 
ductor laser LDrphotodiode PD, a terminal T M for moni- 

15 tor photodiode PD M and a ground terminal T G . 

The electrodes 231 , 232, 22 of the optica! element 
10 are respectively bonded to and electrically con- 
nected to the terminal T PD1 for the photodiode PD^ in© 
terminal T PD2 for the photodiode PD2 and the terminal 

20 T LPC serving as the common electrode for the semicon- 
ductor laser LD/photodicde PD. The n-side electrode 23 
of the semiconductor laser LD formed on the rear sur- 
face of the semiconductor substrate 1 1 of the optical 
element 1 0 is connected to the ground terminal T G with 

sb a metal thin wire by wire-bonding, although not shown. 
In the case of the arrangement of other electrodes, 
respective terminals are disposed in accordance with 
the layout of the electrodes and can be connected simi- 
larly. 

30 If there are steps between the p-side eiectrode 22 
which is common to the semiconductor laser LD and the 
photodiode PD and the n-side electrodes 231 and 232 
of the photodiodes PD^ PD 2 like the inventive example 
1 shown in FIG. 3, then they may be connected by irrter- 

35 connection. However, as shown in FIG. 17, the n-side 
electrodes 231 and 232 can be raised to the same 
height of the lower electrode, i.e., the common p-side 
electrode 22 in FIG. 1 7 by an Au electrolyte plating 43. 
Further, as shown in FIG. 18. the selective growth 

40 mask formed of the insulating f«m 24 is removed from a 
part of the electrode forming portion and this portion is 
selectively grown to provide a step. Then, if the step is 
covered with the insulating film 24 and the p-side elec- 
trode 22 connected to the contact hole defined on the 

45 insulating film 24 is deposited on an insulating film 45, 
then it is possible to make the heights of the electrodes 
uniform. 

The thus interconnected optical element is pack- 
aged and can be formed as the light-emitting portion 

so a. « the light-receiving portion of the optical device. 

FIG. 19 is a schematic diagram showing an exam- 
ple of an optical pickup to which the optical device 
according to the present invention is applied. As shown 
in FIG. 19. when the above-mentioned optical package 

55 is applied to the optical pickup of the optical disk, the 
optical pickup comprises a so-called optical package 8 
in which the optical element 10 is sealed, a half mirror 7 
and a second light-rjce'rving portion 6. The second 
light-receiving portion 6 is such one that ight-receiving 
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elements such as photodiode are located so as to 
detect various signals. 

In this optical device, emitted light Lp is reflected on 
the half mirror 7 and reflected at an irradiated portion 2 
through a converging means 3 to thereby produce s 
returned light L B . The returned light L B is separated by 
the half mirror 7 and received by the light-receiving por- 
tion 5 of CLC arrangement provided near the light-emit- 
ting portion 4 for detecting the tracking servo signal 
within the optical package 8 and the second light-receiv- 10 
ing portion 6 for detecting an RF (high frequency) signal 
containing the focus servo signal and recorded informa- 
tion. 

The light-receiving portion 5 detects a tracking 
servo signal based on the push-pull method and the is 
second light-receiving portion 6 detects the focus servo . 
signal and the RF signal based on an astigmatism 
method or the like. 

If the optical pickup is arranged as shown in FIG. 
19, then a diffraction grating used to detect a tracking 20 
servo signal by a so-called three beam spot becomes 
unnecessary so that light can reach the irradiated por- 
tion 2 highly efficiently and that stray light can be 
avoided. 

When the optical devices according to the above- 25 
mentioned inventive examples are applied to an optical 
device for reading reco; d-.Ki information cr writing infor- 
mation in an q^ticai recording medium such as an opti- 
cal disk, a phase-change optical disk or a magneto- 
optical disk, the optica! device can stably delect a track- 30 
ing servo signal highly efficiently. 

The optical device according to the present inven- 
tion can be applied to a light source and a detector of a 
confocal microscope which does not need focus servo. 

The semiconductor material such as a substrate is 35 
not limited to the above-mentioned GaAs • • AIGaAs 
material but AIGalnP, ZnSe and InP materials may be 
used. 

Further, since light intensity distribution in the con- 
focal optical system can be detected by a plurality of 40 
light-receiving portions, if the focus servo based on the 
astigmatism and the very small light-receiving portions 
are regarded as pin-hole or slit, then it is possible to pro- 
vide a super-resolution. 

If a part of edge of beam spot is detected, then 45 
detection of magneto-optical signal can be applied to 
the present invention (see Marc D. Levenson, APPLIED 
OPTICS, VOL. 30. No.2,10 (1991)). 

A manner in which the optical device according to 
t! p> ii. . -Y ... ii .ippiicc 1 u; a so-cal.cd laser so 
diode coupler will be described below. 

FIG. 20A is a perspective view illustrating a manner 
in which the optical device according to the present 
invention is applied to the laser diode coupler. 

As shown in FIG. 20A, the optical element 10 55 
mounted on the silicon substrate 48 shown in FIG. 16 is 
used as a light source and optical assemblies and a 
micro-prism 60 are disposed on a substrate, e.g., silicon 
substrate 50, thereby forming the laser diode coupler. 



Two quadrant photodiodes PD1 to PD 4 and PD 5 to PD 8 
are disposed under the micro-prism 60. The photodi- 
odes PD1 to PD 8 are formed on the surface of the sili- 
con substrate 50 by some suitable method such as 
diffusion. 

As shownoy an enlarged plan view of FIG. 20B, the 
quadrant photodiodes PD, to PD 4 are disposed in such 
a manner that the photodiodes PD-| , PD 2 and the photo- 
diodes PD 3 , PD 4 are symmetrical to each other and that 
an amount of light received in the case of proper focus- 
ing and proper tracking is expressed as PD, + PD 4 = 
PD 2 + PD3. This is also true for the photodiodes PD 5 to 
PD 8 . . , 

In this laser diode coupler, light Lp emitted from the 
semiconductor laser LD of the optical element 10 is 
reflected on the half-mirror, inclined surface of 45" of the 
micro-prism 60, traveled in the vertical direction in FIG. 
20A and irradiated on the irradiated portion, e.g., disk. A 
part Lrv of 1 returned light L R reflected on the disk is 
reflected on the half-mirror inclined surface of the micro- 
prism 60 and received at photodiodes PD 9> PD 10 (see 
FIG. 21) of the optical element 10. Another part Lfj 2 of 
the returned Hght L R is introduced into the micro-prism 
60 from the half -mirror inclined surface and received 
and reflected on the quadrant photodiodes PDi to PD 4 . 
Then, the ref lected light is reflected on the upper sur- 
face of the rricro-prism 60 and also received by the 
other quadra.it photodiodes PD 5 to PD 3 . 

The ordinary laser diode coupler effects a tracking 
servo by using a signal o. [(PD! + PD 2 + PD 7 + PD S ) - 
(PD 3 + PD 4 + PD 5 + PD 6 )] based on the push-pull 
method and also detects the focus signal and the RF 
signal by using the quadrant photodiodes PD 1 to PD 4 
and P0 53 to PD 8 . In this case, as mentioned before, 
there is then the defect that an offset occurs due to the 
displacement of disk and lens. 

However, in the optical device shown in FIG. 20A, 
the tracking servo signal is detected by the light-emitting 
portion 4 and the light-receiving portion 5 with the CLC 
arrangement, thereby avoiding the offset from the con- 
focal characteristic. 

FIG. 21 is a perspective view illustrating a light 
source portion of the laser diode coupler of FIG. 20A in 
an enlarged scale. As shown in FIG. 21 , the optical ele- 
ment 10 comprises two photodiodes PD 9 and PD 10 dis- 
posed near the semiconductor laser LD, terminals T PD 9, 
T PD10 connected to the photodiodes PD 9 , PD 10 and an 
electrode terminal T L of the semiconductor laser LD. 
The returned light Lr-, is received at the two photodi- 
odes PD 9 t.' d FO lo , whoreby the differentia) amplifier 
detects a difference signal of (PD 10 - PD 9 ) as a tracking 
servo detecting signal similarly to the aforesaid inven- 
tive examples. 

The focus servo signal and the RF signal are 
detected by the quadrant photodiodes PD, to PD 4 , PD 5 
to PD 8 disposed within the micro-prism 60 similarly to 
the ordinary laser diode coupler. 

The focus servg signal uses a signal of [(PD1 + PD 4 
- PD 2 - PD 3 ) - (PD 5 + PD 8 - PD 6 - PD 7 )] as a detecting 
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signal. 

The RF signal uses a signal of (PDi + PD 2 + PD 3 + 
PD 4 + PD 5 + PD 6 + PD 7 + PDg), i.e.. a sum signal of all 
signals as a detecting signal. 

With the above-mentioned arrangement, the laser 
diode coupler is able to detect various signals and to 
obtain a tracking servo signal without being affected by 
the offset. 

A variety of optical disks such as compact disc, 
phase-change optical disk or magneto-optical disk can 
be applied to the irradiated portion 2 to which the optical 
device according to the present invention is applied. 

According to the present invention, since the light- 
receiving portion is disposed near the cortfocal point of 
light returned to the light-emitting portion and the light- 
emitting portion and the light-receiving portion are 
formed on the same substrate, the whole of the optical 
device can be reduced in size and the number of optical 
assemblies can be decreased, thereby resulting in the 
optical device being miniaturized. 

Since the emitted light and the returned light travel 
through the coaxial light path, the optical system can be 
simplified and the alignment can be adjusted with ease. 
In addition, as compared with the case that light is sep- 
arated by a beam splitter or the like, a ratio of light 
returned to the light-receiving portion can be increased 
and hence an amount of light received at the light- 
receiving portion can be increased. 

Accordingly, the same amount of light received can 
be realized by a lower laser ouiput and the optical 
device has a low power consumption. 

Since light is received near the confocal point of 
returned light, a tracking servo signal can be detected 
by the push-pull method more stably and accurately 
than the case using a far field pattern. Therefore, the 
tracking servo signal can be detected stably. At that 
time, if returned light is separated by a plurality of light- 
receiving portions, then a variety of signals such as 
focus servo signal can be detected and information 
amount of signals can be increased. 

In the optical device according to the present inven- 
tion, since the light-emitting portion need not be formed 
as a surface-emission structure, the optical device 
according to the present invention can be produced in a 
similar manner to that of the manufacturing process of 
the ordinary semiconductor laser structure and is 
advantageous in laser characteristic. 

Further, a semiconductor laser structure and an 
optical system for an optical device can be designed 
with satisfactory advance and t.-eedoro. 

If the present invention is applied to the optical 
device using the optical disk, the phase-change optical 
disk and the magneto-optical disk as the optical record- 
ing medium, then a power consumption of the optical 
device according to the present invention can be 
decreased, the optical device according to the present 
invention can be miniaturized and the signal can be 
detected stably, i.e., reproduction and recording can be 
stabilized. Therefore, it is possible to realize the optical 



device of excellent performance. 

Having described preferred embodiments of the 
invention with reference to the accompanying drawings, 
it is to be understood that the invention is not limited to 
5 those precise embodiments and that various changes 
and modifications could be effected therein by one 
skilled in the art without departing from the spirit or 
scope of the invention as defined in the appended 
claims. 

to 

Claims 

1 . An optical device comprising: 

is a substrate; 

a light-emitting portion; and 
a plurality of light-receiving portions, said light- 
emitting portion and said plurality of light- 
receiving portions being closely laminated on 

20 said same substrate, wherein returned light 

obtained after light emitted from a resonator 
end face of said light-emitting portion has been 
reflected on an irradiated portion is received 
and detected near a confocal point by said plu- 

25 rality of light-receiving portions. 

2. An optical device E3 claimed in dnim 1. wherein 
said light-receiving portions are obliquely formed 
on an end face of said light-emitting portion. 

3. An optical device as claimed in claim 2, wherein a 
whole of or part of said light-receiving portions is 
formed of ( 1 1 1 ) or (1 1 0) crystal plane. 

35 4. An optical device as claimed in claim 1, wherein 
said light-receiving portion detects a signal accord- 
ing to a push-pull method. 

5. An optical device as claimed in claim 1 , wherein a 
■to light-absorption layer is disposed between said 

Bght-emitting portion and said light-receiving por- 
tions. 

6. An optical device as claimed in claim 1 , wherein a 
45 current-blocking layer is disposed between said 

light-emitting portion and said light-recefving por- 
tions. 

7. An optical device as claimed in claim 1 , wherein a 
so hghi-ub&xplsn and current-blocking layer is dis- 
posed between said light-emitting portion and said 
light-receiving portions. 

8. An optical device comprising: 

55 

a substrate; 

a first cladding layer; 

an active layer;.. 

a second cladding layer, said first cladding 
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layer, said active layer and said second clad- 
ding layer being laminated on said substrate in 
that order; and 

a plurality of light-receiving elements laminated 
on said second cladding layer, wherein said 5 
plurality of light-receiving elements are located 
near corrfoca! point of light emitted from said 
active layer and said plurality of light-receiving 
elements detect a tracking servo signal. 

w 

9. An optical device comprising: 

an optical element including a light-emitting 
portion and a plurality of light-receiving por- 
tions closely laminated on the same substrate; is 
an irradiated portion; and 
converging means disposed between said 
light-emitting portion and said irradiated por- 
tion, wherein light emitted from said light-emit- 
ting portion is converged by said converging so 
means, reflected by said irradiated portion, 
again converged by said converging means 
and returned to said optical element and light 
returned to said optica! element is introduced 
into said light-emitting portion of said optical 25 
element and a region including at least a part of 
said light -receiving portions. 

10. An optical device as claimed in claim 9, wherein at 
least a part of said light-receiving portions is dis- 30 
posed within a range in which a distance from an 
optical axis of light emitted from said light-emitting 
portion is expressed as: 

0.61 X/NA 35 

where X is the wavelength of emitted light and NA is 
the numerical aperture of said converging means. 

11. An optical device as claimed in claim 9, wherein 40 
said optical device detects a signal by comparing 
intensities of signals received by at least two light- 
receiving portions of said plurality of light-receiving 
portions. 

45 

12. An optical device as claimed in claim 9, wherein 
said plurality of light-receiving portions are two 
light-receiving portions and said optical device 
detects a signal by comparing intensities of a signal 
received by ;i £••..••«>:.«.•;, : no portion and a signal so 
received by the other light-receiving portion. 

13. An optical device as claimed in claim 12, wherein 
said optical device detects a tracking servo signal. 

55 

14. An optical device as claimed in claim 9, wherein 
said returned light converged by said converging 
means travels through a light path of the same opti- 
cal axis as that of said emitted light and is directly 



introduced into said light-receiving portions. 
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FIG. U 
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FIG. 6C 
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FIG. 8 A 
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FIG. 8B 
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FIG. 81 
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FIG. 8 J 
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FIG. 8K 
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FIG. 8L 
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FIG. 11 
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FIG. 12 
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